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This invention relates to seroreactive regions on the human Papillomavirus (HPV) 16 proteins E4, E6. 
E7andL1. 

This invention furthermore relates to vaccine containing peptides with sequences embracing those of 
such seropositive regions as well as diagnostic kits containing peptides with sequences embracing those of 
such seropositive regions. 

The HPV16 Is a type of the human Papillomavirus which has been first described in Proc. Natl. Acad. 
Sd^ USA 80. 3813-3815(1983). 

The DNA-sequence and the genome organization of HPV 16 have been published in Virology 145; 181- 
185(1985). 

HPV16 is closely related not only to benign lesions of the anogenitaJ tract but also to malignant cancer 
of the uterine cervix, penis and vulva. In addition HPV16 can also be found in genital scraps obtained from 
clinically asymptomatic individuals. Little is known about the immune response to infections by HPV16 and 
Papillomaviruses in general. In first experiments human sera obtained from STD patients, from patients 
suffering from cervical cancer as well as from healthy individuals were tested for the presence of antibodies 
directed against viral proteins. These proteins were expressed as fusions with different prokaryotic peptides 
linked to their N-terminus and used as antigens in Western-Blot experiments. This test is relatively tedious 
thus preventing a quantitative analysis of large serum collections. Moreover, due to the relatedness of the 
different Papillomavirus types, crossreactivity of antibodies cannot be excluded. 

The object of the present invention is the identification of viral structures of HPV16 which may be used 
as tools in the prophylaxis* diagnosis and therapy of HPV16 dependent human diseases. 

the knowledge of such domains is the prerequisite for the establishement of a peptide ELISA to be 
used for large scale screening of human sera. 

The present invention therefore concerns: 

- Seroreactive epitopes of the HPV16 protein E4 characterized by one of the following aminoacid 
sequences 

J. IPKPSPWAPKK 

II. KPSPWAPKKHRRLS; 

- seroreactive epitopes of . the HPV1 6 protein E6 characterized by one of the following amino acid 
sequences 

I. LSRHFMHQKJTTAMFQDPQERPRKLPQ 

II. AMFQDPQERPRKLPQLCTELQTTIHDIILEC; 

- seroreactive epitopes of the HPV16 protein E7 at the genomic region E7-221 characterized by one of 
the following amino acid sequences 

I. PTLHEYMLDLQPETTDLYCYEQ 

II. HEYM LDLQPET 

ill. TLHEYMLDLQPETTD 
IV. EYMLDLQPETTDLY; 

- seroreactive epitopes of the HPV16 protein E7 at the genomic region E7-107 characterized by one of 
the following amino acid sequences 

I. DEIDGPAGQAEPDRAHY 

II. GPAGQAEPDRAHYNI; 

- seroreactive epitopes of the HPV1 6 protein L1 at the genomic region L1-809 characterized by the 
amino acid sequence 

PLLNKLDDTENASAYAANAGVDN; 

- seroreactive epitopes of the HPV16 protein LI at the genomic region L1-830 characterized by one of 
the following amino acid sequences 

I. ICTSICKYPDYIKMVSEPYGDSLFFYLRREQMFVRHLFNRAGTVGENVP DDLY1KGSGSTANLASSNYF- 
PTPSGSM VTSDAQI FNKPY 

- seroreactive epitopes of the HPV16 protein L1 at the genomic region L1-842 characterized by one of 
the following amino acid sequences 

I. KHTPPAPKEDDPLKK 

II AIACGKHTPPAPKEDDPLKKYTFWEVNLKEKFSADLD 

III. LKKYTFWEVN LKEKFS ADLDQF. 

The present invention furthermore concerns: 

- Peptides characterized in that they contain one or several of the above seroreactive epitopes; 

- a vaccine characterized in that it contains one or several of the above peptides; 

- a diagnostic kit for the identification of specific antibodies against HPV16 E4. E6. E7 or L1 proteins 
characterized in that it contains the above peptides; 
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- monoclonal antibodies characterized in that they have an affinity to the seroreactive epitopes of the 
human HPV1 6 proteins; 

- a diagnostic kit which contains such monoclonal antibodies; 

- a diagnostic agent containing such monoclonal antibodies for the identification of HPV16 specific 
s proteins; 

- the use of the above peptides for the production of the vaccine or the diagnostic kit 

In order to identify seroreactive epitopes within the proteins E4, E6, E7 and L1 of human Papillomavirus 
(HPV) type 16 the experimental approach described in Science 228. 1315-1317 (1985) was chosen. Short 
fragments of the viral genome were randomly cloned into the gene 111 protein of the single stranded DNA 

70 bacteriophage fd. Positive recombinants were identified by immunostaining with the appropriate antisera 
prepared against bacterial fusion proteins (Virology, 145, 181-185 (1985)) and the epitopes were determined 
by sequencing of the inserted DNA- Due to some background reactions probably depending upon the 
quality of the antiserum used only a proportion of the initially identified recombinants could be verified in 
subsequent tests after isolation and replating. 

75 In the cases of repeatedly positive recombinants, however, this method proved to be highly specific as 
only sequences from such open reading frames (ORF) were found against which the antiserum was 
originally prepared and in most instances the respective sequences were identified repeatedly (see Table 
3). Except for the E4 and L1 ORFs independent overlapping clones were found further underlining the 
reliability of the expression "library method". Additional support was provided by the fact that identical 

20 results were obtained with different antisera prepared in individual rabbits or even with sera derived from 
different species. The epitope 221 of the E7 protein was also Identified by monoclonal antibodies. Moreover, 
synthetic peptides derived from the E7 epitope 107 and from the E4 epitope were found to react with a 
number of human sera. . 

In case of the E4 ORF only one type of positive recombinants could be found. The epitope was 

25 confirmed, however, by an independent approach. Overlapping octapeptides spanning the entire ORF were 
synthesized and used to test an _anti-E4 antiserum by EL1SA. Four subsequent peptides covering a total of 
14 aminoacids (Position 17-20) were shown to bind the immunoglobulins of the rabbit sera (Fig. 3). Peptide 
17 is contained completely within the fd-derived epitope (Table 2) but is overlapping with peptide 20 by 
only one aminoacid. therefore, it is not clear whether there are actually two adjacent epitopes within the E4 

30 protein or whether peptide 20 is binding immunoglobulins in a sequence independent manner. In fact such 
an unspecific binding is likely to be the case for the peptides 5/6 and 40 (Fig. 3) since the adjacent 
octapeptides overlapping by six amino acids are completely negative, in addition, only the synthetic peptide 
derived from the reactive region around peptide 20 but not from the other regions (Fig. 3) was found to 
react with the rabbit anti-serum by ELISA. Therefore unspecific binding due to some aberant products 

35 synthesized onto the plastic pins could be the reason for the positive reaction at positions 5/6 and 40. 

The methods used In the present Invention solely permit the identification of linear but not of 
conformational epitopes. Therefore, it is an open question whether within the native proteins these domains 
are actually exposed to the immune system. In case of the E7 epitopes this appears to be rather likely 
since they are completely overlapping with or immediately adjacent to the putative E7 binding sites to the 

40 retinoblastoma protein and since the respective oligopeptide was shown to react with human sera. A similar 
observation was made for the peptide of the L1 ORF completely contained within the region Lt-830 (Table 
2). 

The identified epitopes can be used as antigens for the screening of human sera for the presence of 
anti-HPV16 antibodies, it is an important question in this context whether within a given protein ail epitopes 
45 have been Identified. In the animal systems preincubation of the sera with synthetic peptides of the E4 and 
E7 epitopes prior to the reaction with the respective fusion proteins in Western-Blot experiments resulted in 
an almost complete loss of the signal (see also Fig. 3) indicating that actually no major epitope has been 
missed. 

The identified epitopes of the different proteins of HPV16 should be useful as reagents In order to 
so define the pattern of antibodies present in patients with HPV associated diseases as well as in healthy 
controls. Bacterial strains and phages: The filamentous phage derivative fuse 1 (fd-tet-J6); Science 228, 
1315-1317 (1985), Gene 73, 305-318 (1988)) was used as expression system for HPV16 genomic DNA 
fragments in the unique PVUH site of fuse 1 . For transformation with the fuse 1 vector the E.coli strain k802 
(F galK2 gaIT22 metB1 supE44 hsdr2) (J. of Molec. Biol. 16. 118-133 (1966)) was used. The tetracyclin 
55 resistant colonies are producing bacteriophages which are not infectious for this strain because of its F- 
phenotype. For plating of the recombinant phages E. coli strain K91 (F + , derivative of K38; Virology 49, 45- 
60 (1972)) was used. Bacterial transformation was done according to J. of Molec. Biol. 166, 557-580 (1983). 
Insertion of a DNA fragment of the size 3n + 2 nucleotides without internal stop codons for translation is 
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restoring a frameshift mutation within the gene III of fd which prevents production of infectious progeny. 

Antisera: Polyclonal rabbit antisera prepared against an MS2 polymerase (Virology 145, 181-185 (1985)) 
or CII-HPV 16 E4 fusion protein or raised against a MS2 polymerase HPV16 E7 fusion protein were used. 
The E7 fusion part includes the amino acids from nt position 585 to 855, the E4 fusion parts the amino 
s acids from ht position 3399-3617 on the HPV16 genome. Two different anti E7 monoclonal antibodies raised 
against the same fusion protein were used (E7 II and E7 IV, J. Gen. Virol. 68, 2933-2938 (1987)). 

The anti-HPVl6 E6 antiserum was prepared against an MS2 polymerase fusion containing the main part 
of the E6 ORF (nt position 110 to 556, Virology 145, 181-185 (1985)). 

Two different polyclonal rabbit antisera prepared against the N-terminal (L1/1:nt position 5692 to 6819) 
10 and the C-terminai part (nt position 6819 to 7152) of HPV16 L1 fused to the N terminus of the M52 
polymerase were used (Virology 145, 181-185 (1985)). 

Preparing the HPV16 fuse 1 expression library: 5 g HPV16 plasmid DNA were sonicated for 120 sec to 
a fragment size of approximately 1 kb and further digested to about 300 bp with 0.02-2 units of QNase I for 
10 min at 15 * C in the presence of 10 mM Mn + + . The DNase I had been diluted and preincubated for 1 h 
is in a buffer containing 50 mM Tris pH 8,0, 10 mM MnC12 and 0.1 mg/ml BSA. 

To obtain blunt ends the DNA fragments were treated for 60 min at 15* C with 15 units of T4 
polymerase and 10 units of E. coii DNA Hgase and 100 M of each of the four deoxyribohucleotides. The 
DNA was then Iigated into the unique PVUII site of fuse 1. Competent E. coii K802 (F-) were transformed 
with the Iigated DNA and plated on LM tetplates. Approximately a total of 3x104 tetracyclin resistant phage 
20 producing colonies were obtained from eight different experiments, to obtain the recombinant phages the 
colonies were rinsed with LM: this amplification yielded in eight different libraries with a toal number of 
approximately 5 x 1012 infectious particles but resulted also in an underrepresentation of certain recom- 
binants. 

The phage suspensions were centrifuged and heated for 10 min at 65 *C to remove the remaining 
25 bacteria. Unless indicated otherwise these amplified libraries were kept separately and used for further 
experiments. 

Immunscreening: Between 2000 and 6000 phages were plated with 0.2 ml exponentially growing K91 
cells in 3.5 ml 0.5% agarose containing 1 0 mM MgSG4 on minimal agar plates. Nitrocellulose replica were 
taken and Incubated further on fresh minimal plates for 6 h at 37* C to enhance the signals. Afterwards the 
30 filters were blocked for 60 min in 10% nbnfatty miJk-PBS and then incubated overnight in 5% milk-PBS 
containing an 1 : 100 - 1 : 1000 dilution of HPV specific antisera (preadsprbed with sonicated K91 cells) or 
monoclonal antibodies. The filters were then washed 5 times for 5 min in PBS/0.1% Tweeh 20 and 
incubated for 3 h at room temperature with goat-anti-rabbit (or antl-mouse)-peroxidase antibodies (1 : 1000) 
in 5% nonfatty milk. After washing the filters were stained in 50 ml PBS containing 30 mg diaminobenzidine. 
35 30 I H202 and 1.5 ml NiS04. Finally the filters were washed in H20 for 30 min and dried on paper. 

Preparation of sincjle stranded DNA of fuse 1 recombinants: A protocol similar to previously described 
procedures was used (Proc. Nat Acad. Sci. USA 74, 5463-5467 (1977)). 50 ml LM were inoculated with tot 
resistent E. coii K91 haboring the fuse 1 plasmid and incubated for 16 h at 37* C. The bacteria were then 
pelleted at 6000 rpm for 30 min. After adding 2 ml 40% PEG 6000 and 2 ml of 5 M sodiumacetat, pH 6.5 to 
40 the supernatant the phages were precipitated for 60 min at 0*C and then precipitated at 6000 rpm for 60 
min. The pellet was resuspended in 6.3 mi TE After two extractions with phenol the DNA was precipitated. 
Approximately 25% of such preparations were used for one sequencing reaction. 

Sequencing: For DNA sequencing the standard USB ((United States Biochemicals) protocol (USB, 1987) 
was used and the universal primer was replaced by a 20mer oligonucleotide (5 f - 
45 TCCAGACGtTAGTAAATGAA-3'). An example of a sequencing reaction is given in Fig. 1 . 

Peptide-synthesis: A set of overlapping peptides corresponding to the HPV16 E4 ORF was synthesized 
on the tips of polyethylene rods essentially following the strategy described in Proc. Nat. Acad. Sci. 82, 178 
(1985); Proc. Natl. Acad. Sci. 81, 3998 (1985). 

The polyethylene rods derivatized with beta- alanine were obtained from CRB, England. Deviating from 
so the protocol recommended by Geysen the protein sequence was divided into octamer peptides overlapping 
by six residues and the synthesis was carried out using Fmoc-chemistry and in situ activation by BOP 
(Castro's reagent) (Tetrahedron Lett 14 t 1219 (1975)). Fmoc amino acid derivatives (6 micromoles) BOP 
and N-methyl morpholine solutions were distributed into polyethylene reaction trays (CRB) according to the 
respective peptide sequences being synthesized. All other reactions were carried out according to the CRB 
55 protocol. As positive control the peptide RPDYLDFA was synthesized together with the HPV16 specific 
peptides and tested with an appropriate antiserum by ELISA. 

ELISA with octapeptides: Antibody detection on rod coupled octapeptides: 
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All tests were made on peptides covalently bound to the polyethylene pins on which they have 
originally been synthesized. Racks with 86 pins, fixed in a configuration that allows insertion into the wells of 
a microtitration tray were used. Incubations for ELISA were made while sticking the pins into the wells. The 
rods were washed with metha-nol an PBS and then blocked with 0.25% gelantine, 0.1% Tween 20 in PBS 

5 for 2 h at 37* C followed by incubation with sera diluted 1 : 200 - 1 : 4000 in 0.125% gelantine, 0.05% 
Tween 20 for 1 h at 37 *C. After washing with PBS/ 0.1% Tween 20 the pins were incubated for 1 h at 
37* C with Protein A-peroxidase 1 : 4000 followed by a further washing and staining with tetramethylben- 
zidine (TMB; V;R. Holland et al. (1974), Tetrahedron 30, 3299-3302) for 15 min. Staining was terminated 
while lifting the rods out of the dye and adding of i 00 I of 0.5 M H2S04. The absorbtion was measured in 

70 an automatic ELISA reader. To remove the antibody-enzyme-complex after ELISA testing the pins were 
sonicated 1 h (waterbath, 30 W ( 48 kHz) at 60* C in PBS/1% SDS/0.1% ^-mercaptoethanol and finally 
washed with methanol. The efficiency of the disruption procedure was tested by EUSA using Protein A- 
peroxidase without any primary serum. The same peptides were used more than 40 times in subsequent 
EUSAs. 

Short description of the Tables and Figures: 




Table 1: 



20 HPV1 6 DNA inserts representing the immunogenic region 221 on HPV1 6 E7. The E7-1 to E7-4 clones 
were identified by an anti E7 polyclonal rabbit antiserum. Group E7-4 clones are identical to those identified 
with the mouse monoclonal antibody (type II) described in J. Gen. Virol. 68, 2933-2938 (1987). 

Table 2: 

Immunogenic regions on the HPV1 6 proteins E4, E6. E7 and L1. The regions of E6 and E7 and L1-842 
are represented in different fd clones. For the E4 protein the epitope identified by the overlapping 
octapeptides is also shown. The corresponding nucleotid positions of the first aminbacids and the last 
nucleotides of the last aminoacids are indicated. Clone 830. covering the immunogenic region L1-830 codes 
30 for 88 aminoacids. Its sequence is only presented in part The number of individual clones representing the 
immunogenic regions are given in the last column. 

Fig. 1: 

35 Autoradiogram of a sequence reaction of fd clone 107 (see Table 2). The DNA sequence of the clone 
insert obtained with the sequencing primer, the corresponding coding sequences as well as the translated 
aminoacids are shown. Capital letters are indicating the HPV16 part of the DNA sequence. 

Fig. 2: 

40 

Inhibition of irnmunostaining of MS2 polymerase - HPV16 E7 fusion protein with monoclonal antibodies 
by bacteriophages carrying the immunogenic region E7-221 . 

Western-Blot stripes stained with the monoclonal antibody type IV against HPV16 E7. The antibody was 
preadsorbed with preparations of different phage clones and incubated with the stripes containing a HP V1 6 

45 E7-MS2 fusion protein. Only preparations of phage particles of clone 221 (lanes b and d; different 
concentrations of phage particles used for absorption; for clone numbers see Table 1) or clone 108 (lane e) 
can react with the monoclonal antibodies therefore preventing the reaction with the fusion protein on the 
stripes. Clones 209 (lanes c and f f different concentrations of phage particles) or 212 (g) do hot interfere 
with staining of the protein. In lane a the antibodies were preabsorbed without phage particles, in lane h 

so they were incubated with particles containing an insert not related to E7 sequences. 

Fig. 3: 

ELISA of overlapping octapeptides representing the HPV1 6 E4 ORF. The 45 peptides were incubated 
55 first with a polyclonal rabbit antiserum against HPV1 6 E7 followed by incubation with Protein Aperoxidase 
complex. The peptides were stained as described above and the Extinction was measured. A very similar 
pattern was obtained in four different experiments using two individual antisera. 
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Example 1 

Identification of epitopes on HPV16-E7 protein using the fd expression library: 

5 Approximately 25000 recombinant bacteriophages obtained from separately constructed HPV16-fd 
expression libraries were plated onto E. coli cells as described above. A total of 230 recombinants could be 
identified by screening with a polyclonal rabbit antiserum raised against an MS2 polymerase-HPV16 E7 
fusion protein. Fifty-four of these recombinants were plated individually and rescreened. 31 of which 
remained positive after two to three subsequent screening steps and were further analysed: Bacteriophage 

10 particles were produced and the single stranded DNA prepared and used for sequencing as described 
above. The results are summarized in Table 1. All 31 phage clones were shown to contain HPV16-E7 
specific sequences representing two different genomic regions (E7-221 and E7-107) on the E7 ORF. 

Region E7-221 is represented by 22 clones which fall into four groups of different sizes. Group E7-1 
consists of only one isolate of 68 nucleotides (bp 576 to bp 643). Groups E7-2, 3 and 4 are represented by 

is 3, 9 and 9 clones, respectively, all of which are shorter than the E7-1 clone and overlap between the 
nucleotide position 589 to 618. Therefore, the smallest identi-fied epitope is represented by the amino acid 
^ sequence EYMLDLQPET. 

J - V Region E7-107 is represented by 9 clones of two different classes overlapping by 41 nucleotides and 

the resulting epitope has the sequence GPAGQAEPNRAHY (bp 679 to bp 717, Table 2). 

20 

Example 2 

Identification of epitopes HPV16-E6 protein 

25 Unlike in case of E7 it was not possible to identify E6 positive bacteriophages by screening an 
equivalent number of recombinants as before with a polyclonal rabbit anti-serum prepared against the MS2 
poly merase-HP V1 6 E6 fusion protein. This may be explained by an underrepresentation of such clones in 
the phage library obtained from the original colonies. 

To identify E6 reacting phages the immunoglobulin fraction of the anti^E6 rabbit serum was bound to 
so Protein A-Sepharose. Approximately 1010 bacteriophages obtained as a pool of seven different HPV16 
libraries constructed by individual ligation of sheared and DNase I digested HPV1 6 DNA of the fd piasmid 
were incubated with the Protein A-sepharose-immunoglobtilin complexes. The specifically bound bac- 
teriophages were eluted and plated on E. coli K91. Approximately 3000 plaques were obtained. For 
amplification the phages were suspended in medium and plated again. 
35 In order to test the efficiency of the enrichment step identical numbers of recombinants eluted from the 
Protein A column were plated and hybridized with HPV1 6 DNA probes specific for the E6 (nt 24-654) or the 
E4 (nt 271 4-3693) ORF. By comparison with the hybridisation of the original recombinants an approximately 
20-fold enrichment of E6 positive phages were calculated. As the immunoreactive recombinants express 
only a part of the E6 protein (see below) it was assumed that such recombinants are even less prevalent in 
40 the original library and thus the factor of enrichment is higher. In fact approximately 300 positive signals 
were obtained when phages were screened with the same E6 antiserum used for the Protein A column. 
Fourteen of the positive recombinants were rescreened, 9 of which were finally analysed by DNA 
sequencing and shown to fail into two different classes representing one region of the HPV16 E6 ORF. The 
overlapping sequence (bp 101 to 145) is coding for the epitope AMFQDPQERPRKLPQ. 

Example 3 

Identification of epitopes on HPV16-L1 protein 

so Within the HPV16 L1 protein three different immunogenic regions were identified. 20000 recombinant 
bacteriophages of one HPV16 library were screened with a rabbit antiserum raised against the N-terminal 
part of the HPV16 L1 ORF (bp 5695 to 6818). Twenty-five out of 80 positive signals were rescreened and 
eleven of them were sequenced. Three clones were shown to contain an identical fragment of the HPV16 L1 
ORF, i.e. nt position 5998-6066 coding for the peptide PLLNKLDDTENSASAYAANAGVDN (L1-809; Table 
55 2), All the other eight clones contained an insert (nt position 6307-6570) coding for an 88 aminoacids long 
peptide l(CTSICKYPD — SDAQIFNKPY;, Li -830). 

Screening of 8000 recombinants of the same HPV16 library with a polyclonal rabbit antiserum raised 
against the C-terminal part of HP VI 6 L1 (bp 6818 to 7152) resulted in 52 positive recombinants. Six of them 



EP 0 451 550 A2 



were confirmed by repeated rescreening and their inserts sequenced. All clones were shown to belong to 
the same immunogenic region (LI -842, Table 2). The insert of two clones (842, nt 6922-6966) codes for the 
peptide KHTPPAPKEDDPLKK which is overlapping by three aminoacids with the insert of clone 877 (nt 
6958-7023) coding for the peptide LKKYTFWEVN LKEKFS AD LDQF. A third group of recombinants (905; nt 
5 6907-7017) represented by four clones is overlapping with the clones 842 and 877 and is coding for the 
37mer peptide (AIACQKHTPPAPKEDDPLKKYTFWEVNLKEKFSADLD). Since the common sequence of all 
three clones consists of only three aminoacids (LKK) there are probably two independent binding sites 
within the region L1-842 (nt 6907-7023) although the existence of such a short epitope cannot be excluded. 



Example 4 

Identification of epitopes on HPV16-E4 protein 

To identify E4 epitopes the same library as for L1 was used. By screening with an anti-E4 serum 
prepared against an MS2-fusion-protein 28 recombinants were identified. Three of them were analysed by 
sequencing and were shown to contain the HPV16 E4-ORF specific insert (nt position 3422 to 3456) 
corresponding to this peptide lPKPSPWAPKK. 

Example 5 

identification of the binding site of an anti E7 monoclonal mouse antibody: 

As described for the identification of E6 specific epitopes 1010 phages obtained from seven different 
HPV16 fd-libraries were bound to Protein A-Sepharose-IgG (mouse monoclonal) complexes. After elution 
approximately 300 recombinants were obtained, plated and suspended in LM. 500 recombinants of this 
sublibrary were screened with the anti HPV16 E7 monoclonal antibody de-signated II. Two of the clones 
were sequenced after three steps of rescreening. Both clones were shown to contain an insert identical with 
the insert of clones of group 4 of the immunogenic region 221 of the HPV16 E7 ORF (Table 1 ). 

In order to determine whether all different clones of the immunogenic region 221 bind HPV16 anti-E7 
monoclonal antibodies competition assays were performed. MS2 polymerase-E7 fusion protein on Western- 
Blot strips was stained with two different monoclonal antibodies (E7 II and E7 IV, J. Chem. Virol. 68, 2933- 
2938 (1987)). Purified recombinant bacteriophage particles carrying the group 1 to 4 epitopes (Table 1) 
were used for preadsorption of the monoclonal antibodies before irnmunostaining of the Western-Blot. No 
difference was observed when the monoclonal antibody E7 IV was used for staining. As shown in Fig. 2 
only bacteriophage particles of group 1 and 4 prevent the binding of the monoclonal antibody E7 II to the 
E7 protein. Therefore, it was concluded that there is at least one additional binding site for antibodies 
adjacent to the epitope EYMLDLQPET of the immunogenic region E7-22I described above. 

Example 6 

Identification of Immunogenic regions on the HPV16 E4 protein by testing overlapping peptides: 

Fourty-five octapeptides representing the HPV16 E4 ORF were synthesized on polyethylene pins as 
described above. 

The peptides were overlapping by six aminoacids thus peptide number one represents aminoacids 1 to 
8 of the HPV16 E4 ORF. peptide number two encompasses aminoacids 3 to 10 and so on. The peptides 
were incubated with the polyclonal rabbit antiserum raised against an MS2-HPV16 E4 fusion protein 
mentioned above. Rabbit immunoglobulins were detected by incubation with Protein Aperoxidase com- 
plexes followed by staining with TMB as described in Materials and Methods. As shown in Fig. 4 a major 
50 cluster of antibody binding peptides was obtained with the rabbit antiserum. It includes the peptide 
KPSPWAPKKHRRLS of the HPV16 E4 ORF. This sequence is partially included in the reactive region 
identified by the immunoscreening (Table 3). Testing of the peptides with an independently produced rabbit 
antiserum prepared against an C1I-HPV16 E4 fusion protein resulted in a very similar pattern compared to 
that obtained with the anti-MS2 E4 antiserum (data not shown). Incubation with rabbit control sera or with 
ss Protein Aperoxidase alone gave no significant signals. Additional signals obtained with single peptides (e.g. 
peptide no. 40; see Fig. 3) are very likely not indicating a specific immunoglobulin binding epitope since in 
contrast to the neptide kPSPWAPKKHRLS synthetic oligopeptides derived from these regions fail to react 
with the antisera in ELISA (data not shown). 

7 



75 




20 



25 



30 



35 
40 



EP 0 451 550 A2 



15 



20 



35 



40 



45 



50 



O 



0> 



CNJ 



o 

■c 

3 











CO 








f 
























< 








CJ 








- 

CD 








*a: 








CO 
































>— 








CO 








1— 








CO 
















»— 








cj 




ro 




1— t 




t 




CJ 




CJ 




H— 




■ . 




<^ 




<c 




CO 




CO 




) — 


ro 


V— 




cj 


i 


CJ 






*c 


<: 






■< 










CJ 




<c 


<: 


■< 




CO 


to 


CO 








<c 




co 


CO 


CO 




.«< 


<c 


s 




CJ 








CJ 


CJ 


CJ 
















*c 




CJ 


CJ 


CJ 




CO 


CD 


CO 






^» 


>— 




t— 


*- 


*— 




r— 












15 




CO 


CD 


to 




<c 


< 






I— 


J— 


• 


1— 




>— 


*~ 


r— 




CO 


CO 


CO 








»-— 






<: 


<C 








• 








<c 






£ : 


*- 




.* <*: 




$ 






CO 


CO 












<: 


< 






- <-> 


CJ 


CJ 




CO 




CO 




CO 






1— 














J— 






v» 


1— 










Ln 


o 




<D 




< 


C 




c 




cr 


o 


CJ 


o 




o 


CJ 


o 




< 












o 


u 




u 




o 












a* 




CJ 


ro 






1 




cj 


























■< 


CxJ 




ro 
1 




*t 
i 


1 


1 


1 










LU 


ID 


LU 




LU 







55 



8 



EP O 451 550 A2 



to 



15 



20 



00 



40 



45 



50 



CM 

■ a? 

















in 












m 


<=: 




o. 






_o 






i 


















CL. 






**: 












e_ 


cu 




CO 












a. 


CU 


tu 




















a. 




>■ 






C- 


i 

ro 






CM 






■*cr 






ro 










s 


jo 




1 












LU 










(LI 








O 
















■ O- 


o> 




a» 


t. 




C- 






cn 






.cz 


e 










o. 


c: 




cu 


o 




«3 


c 






3 




u 




to 




e 


«— • 






CO 


o 



ro 



CJ 













. 




Or 




J 




CU 


ir> 


•»— 


<r 






CJ 


C- 




03 


I 


0~ 


Or 


CU 


Q_ 


j 






U£ 




C£ 


cu 


CU 


or 


■OC 


LU 

Cr 


LU 

cr 


Q_ 


cu 


CD 


CO 


Or 


o- 






3: 




«c 


1 


>— 






o 








O:- 


^ 




or 




5= 




2T 




u. 




c=: 








i 




i 

CO 




vO 




cu 





«— • co cr* cn 



CM 
















VO 








CL 








.a 








I 

Or 








LU 






o 

ro 


>~ 






vo 








GU 


CJ 






-O 






CM 


1 


>- 




VO 


>- 






C 




_J 


CO 


-o 


J 






1 






v© 


o 


CD 




cu 






I— 


JH 






>— 


i 

V— 


1— 


1— 



O VO 
wo vo 



ID 



lul LU LU LU 

a. a. c a. 

cr a a a 

O Q O CD 

— i — I — I —1 

X Z S .35 
>->->->- 

LU UJ Lul UJ 



i cn 
—J — » CO 

VO LO 
H CO r- O. 

un i -o 

CU CU 
I -0 O 

CO 

to 
cu 

in JO 
O. 



^ cn cm co 

CM O » O 
N N N h 





-a 




' ,i 


r-^ 




cx 




_C3 




1 








C£ 




Oj 


Oj 


CU 


cu 


LU 

<£ 


LU 

<c 


CD* 


or 


CO 


CO 


<< 


<c 


cu 


CU 


CD 


CO 




1 


O 


cn 








VO 




CL> 


LU 


-C3 


O 




1 




r*- 




VO 




MO 




CX 




JO 






CO 


o 


r- • 


•—4 





o 

CJ 



55 



9 




EP 0 451 550 A2 



10 



15 



20 



25 



30 



35 



40 



45 



50 



C 

o 
u 



CM 
CJ 



-£3 



O 



>- 
■ <✓"> 



o 
o 



I 

co 
cn 
cn 



o 
co 



o 

CL 

I 

>- 



o 



ex 



o 

CO 



VO 
AO 

a. 
i 

a* 



co 
I 





CM 




O 




r-^ 




OL 




JO 


o 


1 




LU 


OL 




-Q 


CX 


1 

O 




-J 


—I 


Q 


o 


<^ 


< 


W> 




*U- 


LL. 


2m£ 




1 1 1 








— 1 


—I 






> 


s> 


UJ 


UJ 


3: 




u_ 


u_ 


>— 


>— 


>- 


>- 


itf 








—j 


_J 




t 


CL- 


CO 




m 


Q 


cn 






O 








UJ 




2«£ 




C 




< 





a- 



cm o- 

CM 

cn t_> 

CX < 



I 

o 
cn 



N m n 

co cn co 



55 Claims 

1. Seroreactfve epitopes of the HPV16 protein E4 characterized by one of the following aminoacid 
sequences 
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I. IPKPSPWAPKK 

II. KPSPWAPKKHRRLS. 

2. Seroreactive epitopes of the HPV16 protein E6 characterized by one of the following amino acid 
sequences 

I. LSRHFMHQKRTAMFQDPQERPRKLPQ 

II. AMFGDPQERPRKLPGLCTELQTT1HDIILEC, 

3. Seroreactive epitopes of the HPV16 protein E7(-221) characterized by one of the following amino acid 
sequences 

I. PTLHEYMLDLQPETTDLYCYEQ 

II. HEYMLDLQPET 

III. TLHEYMLDLQPETTD 

IV. EYMLDLQPETTDLY. 

4. Seroreactive epitopes of the HPV16 protein E7(-l 07) characterized by one of the following amino acid 
sequences 

I. DEIDGPAGQAEPDRAHY 

H. GPAGQAEPDRAHYNI. 

5. Seroreactive epitopes of the HPV16 protein L1(-809) characterized by the amino acid sequence 
PLLNKLDDTENASAYAANAGVDN. 

6. Seroreactive epitopes of the HPV16 protein L1(-830) characterized by one of the following amino acid 
25 sequences 

I. ICTSICKYPISl— SNAGIFNKPY 

II. ICTSICKYPDYIKMVSEPYGDSLFFYLRREQMFVRHLFNRAGTS/GEN VPDDLY1KGSGSTANLASS- 
NYFPTPSGSMVTSDAQIFNKPY 

30 7. Seroreactive epitopes of the HPV16 protein L1(-842) characterized by one of the following amino acid 
sequences 

I. KHTPP AP KEDDPLKK 

II. AIACQKHTPPAPKEDDPLKKYTFWEVNLKEKFSADLD 

III. LKKYTFWEVNLKEKFSADLDQF 

8. Peptides characterized in that they contain one or several of the seroreactive epitopes according to 
claims 1 through 7. 

9. Vaccine characterized in that it contains one or several of the peptides according to claim 8. 

10. Diagnostic kit for the identification of specific antibodies* against HPV1G E4, EG. E7 or Li proteins 
characterized in that rt contains peptides according to claim 8. 

11. Monoclonal antibodies characterized in that they have an affinity to the seroreactive epitopes of the 
45 human HPV1 6 proteins according to claims 1 to 7. 

12. Diagnostic kit which contains the monoclonal antibody according to claim 11. 

1a Diagnostic agent according to claim 12 for the identification of HPV16 specific proteins. 

14. Use of peptides according to claim 8 for the production of the vaccine of claim 9 or the diagnostic kit of 
claim 10. 
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Claims for the following Contracting States: ES, GR 

1. Process to manufacture a diagnostic kit for the identification of specific antibodies against HPV16 E4. 
E6, E7 or LI proteins characterized in that peptides containing one or several of the epitopes 
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I . IPKPSPWAPKK 

II. KPSPWAPKKHRRLS. 

I . LSMIFMHQKRTAMFQDPQERPRKLPQ 

II • A1^QDPQERPRKLPQIX^ELQTTIHDIII£C . 



(E4) 



(E6)- 



70 I , PTIiHEYHLDLQPETTDLYCYEQ 

II. HEYKLDLQPET 

III. TLHEYKLDLQPETTD (E?) 

IV. E YMLDIiQPETTDLY . -221 

I. DEIDGPAGQAEPDRAHY ,„ n . 

II. GPAGQAEPDRAHYNI. -107 

PIXNKLDDTENASAYAANAGVDN ♦ (LI) 

-809 

I . ICTSICKYPN- — SNAQIFNKPY 

II. ICTSICKYPDYIKMVSEPYGDSI^FYIJRREQMF ,„ A 
VKtnjFNI^GTVGENVPDDLYIKGSGSTANIASS -8 3 0 
NYFPTPSGSMVTSDAQ IFNKPY 

I. KHTPP APKE D DPLKK 

II . AIACQKHTPPAPKEDDP3JKKYTFWEVNLKEKFS _ . 
ADIiD -842 

III. LKKYTFWEVNIiKEKFSADLDQF 

are coated to a solid phase such that antibodies directed to said epitopes are detectable by 
immunoassay techniques. 

2. Process according to claim 1 , characterized in that the diagnostic kit Is an ELISA. 

3- Process to manufacture a diagnostic kit to detect specific epitopes of HPV1 6 characterized in that one 
or more of the epitopes used in claim 1 are taken to produce monoclonal antibodies which are 
subsequently coated to a solid phase such that said specific epitopes are detectable. 

so 4. Process to manufacture a vaccine against HPV16 characterized in that one or more of the peptides 
used in claim 1 are mixed with suitable adjuvants and carrier. 
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Fig . 2 
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